As it turns out, it is not the red blood cells that are mutated or bad in Ryan's genes, it is the _______ ___________protein that is mutated.
Let's see if we can find the mutation that is causing this problem for Ryan.
First, let's look at the DNA gene sequence for hemoglobin.
The human beta-hemoglobin gene is 576 base pairs long and the protein is 146 amino acids long. We will only be looking at the 54 base pairs listed below which will serve as the blueprint for the first 18 amino acids of the hemoglobin protein.
2) Look at the two hemoglobin genes. The mutated hemoglobin has ONLY 1 DNA basepair change. Can you find it? The mutation in the DNA is from the base ____________ to the base ___________ at position # ___________ in the sequence below.
Normal Hemoglobin DNA gene (we will be calling this gene & protein H from now on)
3' CACGTGGACTGAGGACTCCTCTTCAGACGCCAATGACGGGACACCCCGTTCCAC 5'
5' GTGCACCTGACTCCTGAGGAGAAGTCTGCGGTTACTGCCCTGTGGGGCAAGGTG 3'
Mutant Hemoglobin DNA Gene (we will be calling this gene & protein h from now on) 3' CACGTGGACTGAGGACACCTCTTCAGACGCCAATGACGGGACACCCCGTTCCAC 5'
5' GTGCACCTGACTCCTGTGGAGAAGTCTGCGGTTACTGCCCTGTGGGGCAAGGTG 3'
This is the change in the DNA, but how does this affect the hemoglobin protein? Let's find out!
3) How do we create a protein from DNA? First we need to convert the DNA to mRNA. This process is called _____________________. 5) What is the mutated change in the mRNA? Can you find it? The mutation in the mRNA is from the base __________ to the base ___________ 6) Convert mRNA to protein using Genetic Code. This process is called ______________________. 
Let's review the mutation that is causing Ryan to miss the Super Bowl!
5) For mutated hemoglobin, ________base pair mutation = _________ amino acid mutation. This leads to________________ (increased or decreased) hydrophobicity and mutated hemoglobin ______ _____________ (can or cannot) carry oxygen efficiently from the lungs to other organs in the body which can lead to organ failure. This causes the red blood cells to be in a _____ _________ shape which can clog blood vessels. Ryan -you have _____ copy of normal hemoglobin and __________ copy of mutated hemoglobin. Therefore you are said to be ___________________(homozygous or heterozygous) for that gene. You have the disease _______ _______________________.
2) Now let's "make" Jameson! Joscelyn -give me 1 copy of your hemoglobin gene -because that is all you can pass on -whichever one you want. Ryan -give me 1 copy of your hemoglobin gene -because that is all you can pass on -whichever one you want. Let's review with Ryan's family! 1) Ryan & Joscelyn are ________________ for the hemoglobin allele, so they have sickle cell ________ ___________, but are also _____________________(protected from or susceptible to) malaria.
Based on what genes Jameson gets from Mom and
Jameson is _________________ for the hemoglobin normal allele, so he has sickle cell ________ ___________, but he is _______________________(protected from or susceptible to) malaria.
Their other child, Rayna, is homozygous for the hemoglobin mutant allele, so she has sickle cell ________ ___________, but she is _________________(protected from or susceptible to) malaria.
2) If their family as going to Africa to visit their relatives, which members or the Williams/Dupee family would both be protected from malaria and not have any signs of sickle cell anemia? _____________ _____________. They are both __________________________ for the hemoglobin gene and would be the ones in the family most likely to survive the trip without any complications. This is called heterozygous advantage and is why the mutated hemoglobin allele exists as a higher percentage in people with African ancestors. Teacher Materials/Equipment In addition to the bags of supplies and the activity sheet, the provided power point presentation and instructor guide should be used to coach the students through the activity sheet at certain points in the power point.
Procedures
Have the students do the activity sheet in groups of 4 in the specified prompts during the power point presentation. Students can answer questions on the activity sheet, but the instructor can also use whiteboards or clickers (depending on classroom resources) as a real time assessment for some of the questions. This activity can be modified as you see fit in your classroom. Multiple standards are addressed and reviewed. The activity sheet can be used in parts as topics are introduced or as a review after all topics have been presented. …In sickle cell trait, only ~1/2 the hemoglobin can carry oxygen efficiently. The rest of the hemoglobin is mutated and does not carry oxygen as efficiently. This causes some of the red blood cells to "sickle" in shape. These individuals usually do not have any symptoms of the disease, but can pass on that mutated gene to their offspring. For athletes however, they could experience problems in training or conditioning activities. Also, people with sickle cell trait should avoid increased atmospheric pressure, low oxygen levels, dehydration, and high altitudes. … …In sickle cell anemia, all the hemoglobin is mutated and inefficient at carrying oxygen. The red blood cells in people with this condition become "sickled" in low-oxygen conditions. These sickled cells can clump, block blood flow, can cause serious damage to organs such as the kidney, heart, and brain. …. 1) As it turns out, it is not the red blood cells that are mutated or bad in Ryan's genes, it is the __hemoglobin___________protein that is mutated.
Super bowl Activity
Instructor Notes: Tell your class that they will be investigating, to see if they can find the mutation that is causing this problem for Ryan. First, they will look at the DNA gene sequence for hemoglobin.
2) Look at the two hemoglobin genes. The mutated hemoglobin has ONLY 1 DNA basepair change. Can you find it? The mutation in the DNA is from the base _____A______ to the base _____T_____ at position # ____10____ in the sequence below.
Normal Hemoglobin DNA gene (we will be calling this gene & protein H from now on) 3' CACGTGGACTGAGGACTCCTCTTCAGACGCCAATGACGGGACACCCCGTTCCAC 5'
5' GTGCACCTGACTCCTGAGGAGAAGTCTGCGGTTACTGCCCTGTGGGGCAAGGTG 3'
5' GTGCACCTGACTCCTGTGGAGAAGTCTGCGGTTACTGCCCTGTGGGGCAAGGTG 3'
Instructor Note: This is the change in the DNA but how does this affect the hemoglobin protein? Let's find out! 3) How do we create a protein from DNA? First we need to convert the DNA to mRNA. This process is called ____________transcription______.
Instructor Notes:
How do we accomplish transcription? The DNA sequence provided above will be converted to mRNA by using complementary base pairing of the 3' to 5' strand (template strand). The mRNA will then be "read" using the Genetic Code to convert the base pair language to the amino acid language. Remind your students (have them tell you!):
 There is no "T" base in RNA.  The "T" base is replaced by the "U" base. We now have the mRNA sequence, but now need to convert it to a protein sequence. To do this we need to convert the base pair mRNA sequence to the amino acids protein sequence. We need to use the provided Genetic Code for this (all groups will have a Genetic Code handout to work with). This Genetic Code converts base pairs to amino acids using a codon -a 3 base pair sequence -that corresponds on the chart to 1 amino acid. We are only coding for the 1 st 18 amino acids in the protein, so you should have 18 amino acids listed as your answer for each protein below. 6) Convert mRNA to protein using Genetic Code. This process is called ___translation_______. If there is any difference in the colored beads between the normal and mutated protein, write the difference here _______all same except for bead #6 which is blue in normal and red in mutated protein_________________.
5) Now we need to fold this amino acid sequence into a 3D shape for the hemoglobin protein to function properly. How do you fold this protein?
Red amino acids are hydrophobic so that should be towards the ___inside_______(inside or outside) of the folded protein so they can __hide__ ___(hide or interact) from/with water.
Blue amino acids are hydrophilic so that should be towards the __outside________(inside or outside) of the folded protein so that can ____interact__________ (hide or interact) from/with water.
Yellow amino acids are intermediate so they can fit wherever. Now, take each of the primary amino acid sequences and fold it into a 3 dimensional shape (protein) according to the requirements of each colored amino acid stated above! Show your instructor your folded proteins. The 2 proteins you made in your group represent the types of hemoglobin proteins found in Ryan's body. Ryan has sickle cell trait. Look at your proteins to answer the questions below.
3) For the hemoglobin gene/protein, Ryan Williams has ______1_________copy (allele) of a normal sequence/protein (H) and ______1________copy (allele) of a mutated sequence/protein (h). Therefore, he is said to have the disease ___sickle cell trait________________. Ryan is considered ___heterozygous_______________ (homozygous or heterozygous) in relation to the H & h genes (1 copy of each allele). He cannot play in the Super Bowl in Denver because __even though people with sickle cell trait don't' have anemia, they should avoid strenuous activity in high altitudes__________________.
Ryan does not just have 1 copy of each protein in his body, but many copies of the white and the green protein in this body at approximately the 1:1 ratio.
Instructor Notes: -Pick a group and ask them the following questions.
4) Ryan -hold up your hemoglobin protein in your body.
How much of your total hemoglobin is normal (meaning it can carry oxygen)?
_1/2_________
How much of your total hemoglobin is mutated (meaning it can't carry oxygen)?
_1/2_______________
Instructor Notes: Emphasize that this is called co-dominance because both dominant and recessive alleles are expressed (H and h) and produce both normal and mutated protein in Ryan's body.
5) When an individual expresses both dominant and recessive alleles, this is called _____co-dominance____.
Let's review the mutation that is causing Ryan to miss the Super Bowl! 5) For mutated hemoglobin,___1__ __base pair mutation = _____1____ amino acid mutation. This leads to__increased________ (increased or decreased) hydrophobicity and mutated hemoglobin ___cannot_____________(can or cannot) carry oxygen efficiently from the lungs to other organs in the body which can lead to organ failure. This causes the red blood cells to be in a __sickled_________ shape which can clog blood vessels.
